The high (fourth) order perturbation formulas based on the dominant spin-orbit coupling mech anism for the zero-field splittings D m of a 6S-state ion in trigonal symmetry and E [ha in rhombic symmetry are derived from the strong field scheme. Two analytic expressions of the spin-lattice coupling coefficient G 4 4 obtained from the formulas of and E rho are established by using a simple and uniform method. Based on the two expressions, the coefficients G 4 4 for KMgF3:Mn2+ are calculated in two cases. The results show that the lowest (third) order perturbation formulas of and E^0 are too simple and too approximate to give reasonable and consistent values of G 44, whereas when the fourth-order perturbation terms D ( and E^0 are considered, the calculated values of G 44 (= G 44 + G '^) in both cases are not only close to each other, but also in agreement with the observed value. So, the fourth-order perturbation terms cannot be neglected.
Introduction
The interaction o f phonons with paramagnetic spin systems is characterized by the spin-lattice coupling coefficients Gl3 which relate the energy change in the spin system to the strain introduced into the lat tice. Studies o f these coefficients are o f significance because they give valuable information on the spinlattice relaxation time o f magnetic center, the angular variation o f EPR linewidths, the internal stress of a crystal and the microscopic mechanism o f zero-field splittings [1 -5] . To simplify the calculation of Gi3 and give their clear physical meaning, in [6] a unified and convenient method o f calculating the coefficients G 11 and G44 for a 3dn ion in cubic octahedral sym metry from the formulas o f zero-field splittings in low symmetries was established. According to this method, G44 can be obtained for two cases, one for the splitting D tri in a trigonal symmetry and the other from the splitting E rho in a rhombic symmetry, i. e.
(
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where the subscript 0 denotes that the differentiation is done for the case of cubic symmetry. The angles ß and 9 are, respectively, related to the trigonal and rhombic distortions and are defined in [6] . Thus, we can, to a certain degree, check whether the formulas D tri and ET h o are consistent and reliable by compar ing the coefficients Gu calculated for the two cases. Since the derivations of the formulas, particularly the high-order perturbation formulas, of zero-field split tings are often very tedious, the above simple method is profitable and practical. In the previous paper [6] we successfully checked the formulas of D iri and ET h o for the 6S-state ion, based on some mechanisms and mod els by comparing the analytic expressions of GM ob tained from the two cases. However the high (fourth) order perturbation formulas Dtri and Erho from the 0932-0784 / 01 / 0300-0253 $ 06.00 © Verlag der Zeitschrift für Naturforschung, Tübingen • www.znaturforsch.com strong field scheme based on the dominant spin-orbit 2. Calculation Formulas coupling mechanism for the 6S-state ion were not reported (note: only the lowest (third) order perturSimilar to the strong field scheme as done by Macbation formulas were given in [7] ) and so a check of farlane [8] for the F-state ion, for the S-state ion the these formulas was not made. In this paper, we derive cubic field eigenstates are taken as the zero-order the fourth-order (and also third-order) perturbation eigenstates and the Hamiltonian in low symmetry can formulas D tT i and E rho from the strong field scheme.
be written as To check these formulas, the expressions G^D ) and ------------------------------------------------------------------------ 
H -H + H' G^(E)

From (1), we obtain the expressions o f GU(D) and GU(E) from two cases as follows:
G"(D) = G%(D) + G$(D),
G^{E) = G%(E) + G^(E), G%(E) = (1I\Q)C,\\IEX 2 -M E 2) (^) 0, (7)
GS,( Table 1 .
From Table 1 , two points shall be discussed: (i) The values of G^(D) and GU(E), calculated in the two ways, are not only close to each other but also compatible with the observed value o f KMgF3:Mn2+. This suggests that the above high-order perturbation formulas for DtT l and Erho are consistent and reason able, and that the simple check method by using (1) is useful and feasible.
(ii) If only the contribution from the lowest (third) order perturbation terms is considered, the calculated and E^0 are not only quite unlike, but also in dis agreement with the observed value. So, the third-order perturbation formulas D $ and E^0 are too simple and too approximate to be applicable.
